Objective: To define key issues in the diagnosis of Parkinson disease (PD), to define features influencing progression, and to make evidence-based recommendations. Two clinical questions were identified: 1) Which clinical features and diagnostic modalities distinguish PD from other parkinsonian syndromes? 2) Which clinical features predict rate of disease progression? Methods: Systematic review of the literature was completed. Articles were classified according to a four-tiered level of evidence scheme. Recommendations were based on the evidence. Results and Conclusions: 1. Early falls, poor response to levodopa, symmetry of motor manifestations, lack of tremor, and early autonomic dysfunction are probably useful in distinguishing other parkinsonian syndromes from Parkinson disease (PD). 2. Levodopa or apomorphine challenge and olfactory testing are probably useful in distinguishing PD from other parkinsonian syndromes. 3. Predictive factors for more rapid motor progression, nursing home placement, and shorter survival time include older age at onset of PD, associated comorbidities, presentation with rigidity and bradykinesia, and decreased dopamine responsiveness. Future research into methods for earlier and more accurate diagnosis of the disease and identification and clarification of predictive factors of rapid disease progression is warranted. NEUROLOGY 2006;66:968-975 
misdiagnosed. 2 Conversely, up to 20% of patients diagnosed with PD reveal alternative diagnoses at autopsy, such as multiple system atrophy (MSA), progressive supranuclear palsy (PSP), AD-type pathology, and cerebrovascular disease. [2] [3] [4] [5] [6] Based on these studies, diagnostic criteria have been developed, with the most commonly used being the UK PD Society Brain Bank criteria 2 (see appendix E-1 on the Neurology Web site at www.neurology.org). However, it has been suggested that an accuracy of 90% is the best that can be achieved with clinical assessment and clinical diagnostic criteria. 4 Although symptomatic therapy can provide benefit for many years, PD is a progressive disorder that will eventually result in significant morbidity. Knowledge of the features that predict the rate of progression would empower clinicians to better counsel patients regarding prognosis and life expectancy. Improvement in diagnostic accuracy and the ability to predict the rate of progression would also impact on the ability to assess neuroprotective therapies that may delay the progression of the disease (see Practice Parameter on neuroprotective strategies).
Clinical question statement. This practice parameter addresses the following two clinically relevant questions regarding the diagnosis and prognosis of PD: 1. Which clinical features and diagnostic modalities distinguish PD from other parkinsonian syndromes? 2. Which clinical features predict rate of disease progression?
Description of the analytical process. The QSS of the American Academy of Neurology identified five movement disorder specialists and a general neurologist with methodologic expertise. For the literature review, the following databases were searched: MEDLINE, EMBASE, CINHAL, and Cochrane Database of Systematic Reviews for the years 1997 to 2002. Only articles written in English were included. A second MEDLINE search covered 1966 through August 2004, followed by another search using the bibliographies of retrieved articles and knowledge from the expert panel extending to January 2005. At least two panel members reviewed each article. If a panelist was an author of one of the articles, at least two other panelists reviewed that article. If a disagreement was identified, consensus was reached by discussion with the whole group. The risk of bias for each study was determined using the classification of evidence scheme in appendix E-2. The strength of the practice recommendation was linked directly to the level of evidence (appendix E-3). Conflicts of interest were disclosed. Support was provided by the American Academy of Neurology. Writing meetings were funded by the Michael J. Fox Foundation. Panelists were not compensated.
Results, key words, and inclusion/exclusion criteria. For question 1: Search terms: Parkinson disease, neurologic examination, clinical characteristics, neuroimaging, radionuclide imaging, ultrasonography, differential diagnosis, autopsy, SPECT, PET, (levo-dopa or dopamine or apomorphine) challenge, olfactory. The search resulted in 176 articles. Inclusion criteria: At least 10 subjects with PD and 10 in the comparison group. Categories found: clinical, acute challenge testing, radiologic evaluation, neurophysiologic testing, biochemical testing, CSF examination, olfactory testing. Data presented in sufficient detail to allow calculation of sensitivities and specificities.
Results: Of the original 176 articles identified, 48 were found to be unrelated to the topic or were review articles. A total of 128 articles were reviewed; 31 articles satisfied inclusion criteria.
For question 2: Search terms: Parkinson disease, disease progression, muscle rigidity, tremor, hypokinesia, equilibrium, posture, gait. The search resulted in 59 articles. Inclusion criteria: Longitudinal data to assess putative factors, with an outcome measure that included motor progression measured by a validated rating scale, motor fluctuations, dementia, quality of life, and death. Articles were excluded if published before 1990 because of changes in the case definition of PD.
Results: Of the original 59 articles, 32 were not related to the topic or were review articles. Twentyseven articles were reviewed, and seven fulfilled inclusion criteria.
Analysis of the evidence.
Question 1: Which clinical features and diagnostic modalities distinguish PD from other parkinsonian syndromes? We identified four articles that addressed the diagnostic accuracy of clinical features that were helpful in differentiating PD from other forms of parkinsonism (table E-1). 7-10 A Class II case control study of 77 patients with pathologic diagnoses of different parkinsonian conditions including corticobasal degeneration (CBD), dementia with Lewy bodies (DLB), MSA, PD, and PSP revealed that falling within 1 year of diagnosis was a strong predictor of other forms of parkinsonism. 9 Recurrent falling within the first year was a strong predictor of PSP, whereas time to onset of falling was more delayed in CBD, DLB, and MSA and most prolonged in PD.
A Class II retrospective study of 100 autopsyconfirmed cases of PD and 38 with MSA 10 used a multivariate logistic regression analysis to construct a model of clinical features which help to distinguish PD from MSA. Based on features present until death, and assigning point values to each, the following variables yielded the best prediction: poor response to levodopa (two points); autonomic dysfunction, consisting of symptomatic postural hypotension, urinary urge incontinence, fecal incontinence, urinary retention requiring catheterization, and persistent erectile dysfunction (two points); speech or bulbar dysfunction (two points); absence of levodopa induced confusion (four points); and falls (four points). A point score of Ն11 yielded a sensitivity of 90.3% and specificity of 92.6% in predicting patients had MSA rather than PD. It is perhaps more important to make a distinction between PD and MSA earlier in the disease course. In that setting, within the first 5 years, the following variables and point values were most predictive: poor response to levodopa (two points), early motor fluctuations (two points), autonomic dysfunction (two points), and rigidity (two points). A score of Ն4 had a sensitivity of 87.1% and specificity of 70.5% of predicting MSA.
A Class II retrospective cohort study of 800 patients diagnosed with PD by movement disorder specialists and enrolled in DATATOP found that 65 individuals (8.1%) were ultimately determined to have an alternative diagnosis. 8 Clinical features that distinguished the two groups at baseline included higher Hoehn and Yahr stage, higher Unified PD Rating Scale (UPDRS) scores for bradykinesia, postural instability and gait difficulty, and a lower tremor score in the group with other forms of parkinsonism.
In a Class III case control study of 20 people with PD and 32 with either PSP or MSA identified pathologically, only 5% of patients with PD had orthostatic hypotension and all cases of PD were levodopa responsive. 7 Lack of tremor, symmetry, and rapid progression were more likely to be associated with PSP or MSA, rather than PD.
Drug challenge: Response to levodopa or apomorphine. As the response to chronic levodopa therapy is an important factor in distinguishing PD from a parkinsonian syndrome, it follows that an acute dopaminergic challenge with either levodopa or apomorphine may have similar predictive value. Several meta-analyses of levodopa and apomorphine challenge tests have been published. [11] [12] [13] A review of studies of either levodopa or apomorphine challenge tests yielded two articles that met our inclusion criteria.
A Class I double-blind study of 82 patients presenting with parkinsonian symptoms were given an acute levodopa challenge of 250/50 mg of levodopacarbidopa orally (table E-2). 14 A blinded rater assessed the UPDRS; improvement of 30% or greater was felt to be positive and supportive of a diagnosis of PD. At 24 months, the patients were retested and the diagnosis of PD made clinically in 55 of the patients, based on the UK Parkinson Brain Bank criteria 6 (appendix E-1). The test had a sensitivity of 70.9% and a specificity of 81.4% for predicting the eventual diagnosis of PD. 14 When the patients were divided into three groups based on UPDRS scores, the sensitivity for those with scores Յ10 was similar to the entire group (71.4%), but the specificity increased to 100%. In those patients with more advanced signs at presentation (UPDRS Ն 21), the sensitivity dropped to 36.4% and the specificity was 87%.
In a Class II cohort survey of a levodopa and apomorphine challenge to 134 consecutive patients with parkinsonism, the response to a single oral dose of levodopa (250 mg) had a sensitivity of 77.1% and a specificity of 71.1% for distinguishing PD from other forms of parkinsonism (table E-2). 15 Comparable val-ues were observed with varying doses of apomorphine (1.5 to 4.5 mg) given subcutaneously. Results ranged from 65.9% sensitivity and 70.5% specificity with a 1.5 mg dose, to 66.7% sensitivity and 76.5% specificity with a 4.5 mg dose. The specific diagnosis (PD, PSP, MSA, or parkinsonism not otherwise specified) was based almost exclusively on clinical rather than pathologic criteria.
It should be noted that patients in both studies were pretreated with domperidone 2 to 3 days prior to administration of the challenge to prevent peripheral dopaminergic side effects (nausea, emesis, and hypotension).
Drug challenge: Stimulation of growth hormone (GH) with clonidine. The ability of clonidine, a centrally acting ␣2 adrenergic receptor agonist, to stimulate the release of GH has been proposed as a method to distinguish PD from MSA. Of the studies reviewed, only one met inclusion criteria. In this Class II study, 32 patients with early parkinsonism were followed for 2 years, until a diagnosis could be made using clinical criteria and IBZM-SPECT. Of the 21 patients with PD and 11 with MSA, the frequency of positive and negative responses did not differ between the two groups. 16 Olfaction. Olfaction is frequently impaired in PD, suggesting smell may be a potentially useful test to distinguish PD from related disorders. 17 Three Class II studies were identified that met inclusion criteria. In a controlled but unblinded study using the University of Pennsylvania Smell Identification Test (UPSIT), patients with PSP (n ϭ 21) had similar olfaction to normal controls (n ϭ 21), but differed from patients with PD (n ϭ 21) (p Ͻ 0.001). 18 In a prospective study of 50 patients with parkinsonism evaluated with "Sniffin' Sticks," all 37 patients determined to have PD had moderate to severe hyposmia or anosmia, while the 13 patients with other causes of parkinsonism (MSA, PSP) and essential tremor (ET) had normal or only mild to moderate hyposmia. 19 Wenning et al. 20 compared olfaction in patients with PD (n ϭ 118), MSA (n ϭ 29), PSP (n ϭ 15), CBD (n ϭ 7), and normal controls (n ϭ 123) using the UPSIT. Patients with PD scored significantly worse than all other patient groups, as well as controls. Patients with PSP and CBD achieved normal values. Patients with MSA scored worse than controls, but significantly better than PD. A cutoff score of 25 (out of possible 40) yielded a sensitivity of 77% and specificity of 85% in distinguishing PD from other parkinsonian syndromes.
Diagnostic neurophysiologic testing. A variety of noninvasive or minimally invasive procedures have been proposed to distinguish PD from parkinsonian syndromes. Twelve Class III articles [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] were identified (table E-3). In these studies, diagnosis of PD or other parkinsonian syndromes were based on clinical criteria.
In one Class III study, electrooculography was used to determine the frequency of square wave jerks in 118 patients with PD, PSP, and MSA (table E-3). 27 Using a cutoff of Ͼ10 square wave jerks/ minute as indicative of impaired gaze holding, positive results were observed in 7/8 (87.5%) patients with PSP, 16/25 (64%) with MSA, but only 13/85 (15.3%) with PD. These results suggest that frequent square wave jerks in this population may assist in the diagnosis of PSP or MSA. Vidailhet et al. 30 performed eye movement recordings in 14 patients with PD, 14 with MSA, 10 with CBD, and 10 with PSP (table E-3). Latency of horizontal saccades was significantly slower in CBD than PD and other parkinsonian syndromes. Horizontal saccade gain was significantly slower in PSP than PD and other parkinsonian syndromes. The percentage of errors on the anti-saccade task was significantly greater in PSP compared to PD and MSA, but not CBD. Square wave jerks were present as follows: PD 18%, MSA 7%, CBD 20%, and PSP 60%.
Six Class III studies of autonomic testing in parkinsonism met inclusion criteria. One study compared urodynamics in 21 patients with PD and 27 with MSA. 28 All of the MSA patients had abnormal results, compared to 13/21 (61.9%) of patients with PD.
Sympathetic skin responses (SSR) and R-R interval variability (RRIV) were compared in 26 PD and MSA patients. 21 Nine of 13 (69.2%) MSA patients had an abnormal SSR compared to only 1/13 (7.7%) PD patients for a sensitivity of 69% and a specificity of 92%. RRIV after deep breathing was abnormal in 8/9 (89%) patients with MSA compared to only 3/11 (27.3%) patients with PD (p ϭ 0.02).
In another study of autonomic function, heart rate variability (HRV) was reduced during forced respiration in patients with MSA, but not PD or PSP as compared to controls (p Ͻ 0.01). 24 Cardiac sympathetic innervation assessed using Iodine-123 meta-iodobenzylguanidine (MIBG) revealed that the heart to mediastinum average count ratio for both early and late images was significantly lower in PD compared to normal controls, MSA, and PSP. 31 These results indicate that patients with PD have an abnormality of cardiac sympathetic function.
Autonomic One electromyography study demonstrated that urethral sphincter motor units in MSA are of greater duration than in PD and that the percent of abnormal motor units is greater than in PD (table E-3) . 22 Using a cutoff of Ͼ20% motor unit prolongation, urethral sphincter EMG had a sensitivity of 62% and a specificity of 92% for predicting probable MSA. If the cutoff for the percent of abnormal units was set lower than 20%, the gain in sensitivity led to overlap with PD, decreasing specificity.
In a blinded study of anal sphincter EMG, no significant differences were observed between PD and MSA. 23 In another study, anal sphincter EMG could distinguish MSA from normal controls, but not from patients with PD 25 (table E-3) .
Diagnostic neuroimaging. MRI. Two Class III articles evaluated the ability of MRI to differentiate PD from MSA (table E-4). 32, 33 In the first study, 27 patients with PD and 24 patients with MSA had an MRI 1.5 T upon presentation. 32 Diagnoses were confirmed clinically at least 1.5 years later. Putaminal hypointensity on T2weighted images was seen in 21/24 patients with MSA (87.5% sensitivity) compared to only 3/27 patients with PD (88% specificity). Putaminal hyperintensity on proton density weighted images was seen in 20/24 MSA patients compared to none of the PD patients (100% specificity). Fast spin echo (FSE) protocol images had putaminal abnormalities in 9/20 MSA patients (45% sensitivity) and none of the PD patients. The second study evaluated diffusionweighted MRI in 11 PD patients, 10 MSA patients, and 7 healthy controls. 33 Clinical diagnosis was made based on published criteria. Putaminal regional apparent diffusion coefficients were higher in MSA (median 0.791 ϫ 10 3 /mm 2 /second) patients than PD patients (0.698 ϫ 10 3 /mm 2 /second) (p Ͻ 0.001) or healthy volunteers (0.727 ϫ 10 3 /mm 2 /second) (p Ͻ 0.001).
Sonography. One Class III study compared brain parenchyma sonography in 25 patients with atypical parkinsonian syndromes (16 with MSA and 9 with PSP) to 25 patients with PD (table E-4). 34 Diagnosis was made based on clinical criteria. Ninety-six percent (24/25) of the PD patients had hyperechogenicity of the substantia nigra compared to only 2/23 (9%) of the patients with other parkinsonian syndromes (p Ͻ 0.001).
SPECT. Using clinical evaluation as the gold standard, five class III studies [35] [36] [37] [38] [39] demonstrated that IBZM or B-CIT SPECT had 8% to 100% specificity in identifying clinically diagnosed PD patients, as compared to other parkinsonian syndromes. Sensitivity varied from 30 to 100% (table E-4) .
PET. One Class III article reported the results of quantitative 18 F Fluorodeoxyglucose (FDG) PET in 48 patients with atypical parkinsonian syndromes and 56 patients with likely PD (table E-4). 40 Both groups were diagnosed based on clinical criteria. A linear combination of regional metabolic data of the caudate, lentiform, and thalamic values distinguished atypical parkinsonism from PD (p Ͻ 0.0001).
No studies using fluoro-dopa PET fulfilled inclusion criteria.
Conclusions. Falls at presentation or early in the disease course, poor response to levodopa, symmetry of motor signs, rapid progression (to Hoehn and Yahr stage 3 in 3 years), lack of tremor, and early dysautonomia (urinary urge incontinence, fecal incontinence, urinary retention requiring catheterization, persistent erectile failure, and symptomatic orthostatic hypotension) are signs that are probably useful in identifying patients with forms of parkinsonism other than PD in patients with mild disease (three Class II and one Class III studies). The signs are particularly useful when several are present.
Levodopa and apomorphine challenge tests are probably useful in distinguishing PD from other parkinsonian syndromes (one Class I and one Class II studies). The diagnostic yields appear to be comparable between the two tests. However, using clinical diagnosis as the gold standard, at least 30% of patients with PD will not be diagnosed by either test (false negative) and 20 to 30% of patients ultimately diagnosed with other forms of parkinsonism will have a positive test (false positive). The acute levodopa challenge appears to be a reliable predictor of the chronic response to levodopa. Pretreatment with domperidone in drug naïve patients is recommended to prevent peripheral side effects.
GH stimulation by clonidine may not be useful to distinguish PD from MSA (one Class II study).
Olfaction testing, using either the UPSIT or "Sniffin' Sticks," is probably useful in differentiating PSP and CBD from PD (three Class II studies). Although PD patients have decreased smell as compared to MSA, these differences are not as pronounced. Thus, a significant loss of smell is suggestive of PD rather than other parkinsonian syndromes.
Formal eye movement recordings may not be useful to distinguish PD from other forms of parkinsonism, due to significant overlap in the abnormalities observed (two Class III studies).
There is insufficient evidence to determine if urodynamic testing or urethral or anal sphincter EMG are useful in distinguishing PD from MSA (one Class III study for each modality).
Testing of autonomic function may not be useful to distinguish PD from other forms of parkinsonism (four Class III studies).
There is insufficient evidence to determine if iodine-123 meta-iodobenzylguanidine cardiac imaging is useful in differentiating PD from MSA or PSP (one Class III study).
MRI is possibly useful in distinguishing PD from MSA (two Class III studies using different MRI techniques). There is insufficient evidence to determine if brain parenchyma sonography is useful in distinguishing PD from atypical parkinsonian syndromes (one Class III study).
␤-CIT and IBZM SPECT are possibly useful in distinguishing PD from ET and subjects (five Class III studies). There is insufficient evidence to determine if these modalities are useful in distinguishing PD from other forms of parkinsonism.
There is insufficient evidence to determine if FDG PET is useful for diagnosing PD (one Class III study).
Recommendations. Determining the presence of the following clinical features in early stages of disease should be considered to distinguish PD from other parkinsonian syndromes: 1) falls at presentation and early in the disease course, 2) poor response to levodopa, 3) symmetry at onset, 4) rapid progression (to Hoehn and Yahr stage 3 in 3 years), 5) lack of tremor, and 6) dysautonomia (urinary urgency/ incontinence and fecal incontinence, urinary retention requiring catheterization, persistent erectile failure, or symptomatic orthostatic hypotension) (Level B) (appendix E-4).
Levodopa and apomorphine challenge should be considered for confirmation when the diagnosis of PD is in doubt (Level B).
Olfaction testing should be considered to differentiate PD from PSP and CBD, but not PD from MSA (Level B).
There is insufficient evidence to determine whether levodopa and apomorphine challenge or olfaction testing have any advantage over the clinical diagnostic criteria of PD (Level U). Additionally, there is insufficient evidence to determine the optimal combination or sequence of these tests (Level U).
The following may not be useful in differentiating PD from other parkinsonian syndromes: GH stimulation with clonidine, electrooculography, and SPECT scanning (Level C).
There is insufficient evidence to support or refute the following as a means of distinguishing PD from other parkinsonian syndromes: urodynamics, autonomic testing, urethral or anal EMG, MRI, brain parenchyma sonography, and FDG PET (Level U).
Question 2: Which clinical features predict rate of disease progression? The ability to predict rate of progression of disease can benefit planning for long term patient care as well as permit the development of neuroprotective strategies. We identified seven studies (six Class II, one Class III) that evaluated whether factors such as age at disease onset, sex, and cognitive and motor symptoms can predict the progression of PD (table E-5). [41] [42] [43] [44] [45] [46] [47] One Class II, single blind, retrospective, matched double cohort study found that PD patients with an older age at onset (Ն78) had greater motor impairment than patients with middle age onset (43 to 66) after a comparable disease duration of approxi-mately 5 years (33.3 vs 21.2 on total UPDRS; p Ͻ 0.001). 42 The group with older age at onset had more rigidity (5.2 vs 4.3, p ϭ 0.03), bradykinesia (13 vs 9.6, p ϭ 0.001), and axial impairment (12.8 vs 5.2, p Ͻ 0.001) than their younger onset counterparts as measured by UPDRS motor scores. Comorbidities including stroke, auditory deficits, and visual impairments were also more common in PD patients with an older age at onset. The increase in motor impairment in the older onset group was still evident after adjusting for comorbidities.
A single blind, Class II, retrospective cohort survey followed 297 consecutive PD patients at various stages of disease for at least 3 years (mean 6.4) and determined the rate of PD progression by the percent change in yearly total UPDRS scores. 44 Patients were categorized as having either tremor-dominant or postural instability/gait difficulty (PIGD) dominant PD. Patients with an older age at onset (Ͼ57 years) had more progression in freezing and in parts I and II of the UPDRS score (mentation and activities of daily living) compared with patients with middle age onset disease. Rate of progression as measured by the total UPDRS was greater in the group with age at onset Ͼ57 years as compared to the group with age at onset Ͻ57 years (slopes 2.65 vs 0.89). The slopes (annual rate of decline) in UPDRS scores were steeper for the PIGD group compared to the tremor-dominant group when adjusted for age at the initial visit (slopes 2.82 vs 1.59). UPDRS parts I and II subscores progressed more quickly in men than women.
A Class II, single blind, retrospective cohort study demonstrated that PD patients with rigidity/hypokinesia as a first symptom reached Hoehn and Yahr stage III sooner than patients who experienced tremor alone at disease onset (p ϭ 0.001). 47 Patients with tremor at disease onset developed dementia less frequently (p ϭ 0.05) and later (p ϭ 0.001) than patients with rigidity/hypokinesia at onset (0 ϭ 0.05).
A Class II, single blind, historical cohort study of 89 PD patients examined predictors of nursing home placement and survival. 46 Predictors included age at onset of PD, dementia, and responsiveness to levodopa. Early nursing home placement was associated with older age at onset (RR 3.1), presence of dementia (RR 2.3), and unresponsiveness to dopaminergics (RR 2.0). Longer survival was associated with dopaminergic responsiveness (relative risk of death 0.4), absence of dementia (RR 0.4), and younger age at onset (RR 0.3). Multivariate analysis revealed that older age at onset was the sole independent predictor of both nursing home placement and death.
A Class II, single blind, prospective cohort survey examined whether clinical characteristics could predict cognitive decline. 43 A total of 104 PD patients at various stages of disease and 60 healthy volunteers of comparable age and education underwent 14 tests of memory, language, frontal lobe, and visuospatial capacity. Eighty percent of participants had more than one test session, and the repeat testing was completed over a period of 1 to 10 years (mean 3.6 years). A delay in cognitive decline was associated with a younger age at onset of PD. Severity of motor impairment, as measured by the Hoehn and Yahr scale, was related to impairment on almost all cognitive tests. Once cognitive decline began, it occurred at a similar rate in all age groups.
One Class II prospective cohort study evaluated the progression of PD in 34 patients using levodopa half-life kinematic-dynamic modeling in an attempt to assess residual neuronal function. 41 The study proposed that a reduction in levodopa half-life with disease progression could signify abnormal nigrostriatal turnover, possibly due to the loss of dopamine storage capacity. Levodopa half-life values correlated negatively with the severity of symptoms (r ϭ -0.652, p Ͻ 0.0001) and progressively decreased along with the patients' clinical stage (annual reduction of 37 minutes in H&Y 1 vs 6.5 minutes in H&Y III). PD patients without tremor had a larger annual reduction in levodopa half-life compared to patients with tremor, 28 minutes vs 11 minutes.
A Class III, case control study using a subset of the DATATOP cohort found that patients with early onset of disease (first symptom at Յ 40 years) had a slower progression of disease and better cognitive function than patients with late onset symptoms (Ն70). 45 Early onset patients reached the same level of disability in 2.9 years, vs 1.7 years for late onset patients. Patients with late onset disease were also more occupationally disabled than their early onset counterparts. Patients with PIGD had a more rapid rate of disease progression and greater subjective, intellectual, motor, and occupational impairment than tremor dominant patients. Patients in the benign group of PD (duration of PD symptoms at least 4 years before study entry) had an earlier age at onset (55.4 years) compared to the malignant group (68.2 years). The malignant group was defined as PD patients with symptoms for Յ1 year who progressed during this period of time to a stage of 2.5 on the Hoehn and Yahr scale. Tremor was the initial disease symptom in 74% of patients in the benign group compared with 55% of patients in the malignant group. Although not significant, a trend was suggested when adjusted for age (p ϭ 0.06).
Conclusions. Older age at onset (variably defined as over age 57 to 78 years) (two Class II and one Class III studies) and rigidity/hypokinesia as a presenting symptom (two Class II studies) are factors which are probably useful in predicting a more rapid rate of motor progression of PD.
The presence of associated comorbidities (one Class II study), features of PIGD (one Class II and one Class III studies), and male sex (one Class II study) are factors that are possibly useful for predicting a more rapid rate of motor progression of PD.
Tremor as the initial presentation is a factor that is possibly useful in predicting slower progression and a longer response to levodopa therapy (one Class II and one Class III studies).
Older age at onset and initial manifestations of hypokinesia/rigidity are factors that are probably useful in predicting earlier development of cognitive decline and dementia (two Class II and one Class III studies).
Older age at onset, dementia, and decreased dopamine responsiveness are factors that are possibly useful in predicting an increased risk for nursing home placement and shorter survival after diagnosis (one Class II study).
Recommendations. In patients with newly diagnosed PD, older age at onset and rigidity/hypokinesia as an initial symptom should be used to predict more rapid rate of motor progression (Level B).
The presence of associated comorbidities (stroke, auditory deficits, and visual impairments), PIGD, and male sex may be used to predict faster rate of motor progression (Level C).
Tremor as a presenting symptom may be used to predict a more benign course and longer therapeutic benefit to levodopa (Level C).
Older age at onset and initial hypokinesia/rigidity should be used to predict earlier development of cognitive decline and dementia (Level B).
Older age at onset, dementia, and decreased dopamine responsiveness may be used to predict earlier nursing home placement as well as decreased survival (Level C).
Recommendations for future research. Although PD is a common disorder, accurate diagnosis remains a challenge in early stages of the disease. Clinical examination with long-term follow-up appears to be the best method for confirmation of diagnosis during the patient's lifetime. Further studies are needed to identify other techniques, such as neuroimaging and levodopa challenge tests, that may improve diagnostic accuracy and adequately address disease progression, and to determine superiority to the clinical examination.
In the future, there may be an increasing role for genetic testing to make the diagnosis of PD. However, the development of any new diagnostic test (e.g., neuroimaging, genetic screening) will require long-term follow-up and autopsy confirmation to determine its accuracy. Methods for presymptomatic testing to identify patients who are at risk of developing PD are also critical, particularly for testing of neuroprotective strategies. Similarly, knowledge of disease progression will play a key role, not only in providing useful clinical information, but in assessing the benefit of neuroprotective interventions. Funding agencies need to recognize the necessity of supporting long term studies to answer these questions.
Disclaimer. This statement is provided as an educational service of the American Academy of Neurology. It is based on an assessment of current scientific and clinical information. It is not intended to include all possible proper methods of care for a particular neurologic problem or all legitimate criteria for choosing to use a specific procedure. Neither is it intended to exclude any reasonable alternative methodologies. The AAN recognizes that specific patient care decisions are the prerogative of the patient and the physician caring for the patient, based on all of the circumstances involved.
